Objective To assess whether laparoscopic cholecystectomy is superior to percutaneous catheter drainage in high risk patients with acute calculous cholecystitis. Design Multicentre, randomised controlled, superiority trial. setting 11 hospitals in the Netherlands, February 2011 to January 2016. cOnclusiOn Laparoscopic cholecystectomy compared with percutaneous catheter drainage reduced the rate of major complications in high risk patients with acute cholecystitis. trial registratiOn Dutch Trial Register NTR2666. cite this as: BMJ 2018;363:k3965 http://dx.
ParticiPants 142 high risk patients with acute calculous cholecystitis were randomly allocated to laparoscopic cholecystectomy (n=66) or to percutaneous catheter drainage (n=68). High risk was defined as an acute physiological assessment and chronic health evaluation II (APACHE II) score of 7 or more.
Main OutcOMe Measures
The primary endpoints were death within one year and the occurrence of major complications, defined as infectious and cardiopulmonary complications within one month, need for reintervention (surgical, radiological, or endoscopic that had to be related to acute cholecystitis) within one year, or recurrent biliary disease within one year.
results
The trial was concluded early after a planned interim analysis. The rate of death did not differ between the laparoscopic cholecystectomy and percutaneous catheter drainage group (3% v 9%, P=0.27), but major complications occurred in eight of 66 patients (12%) assigned to cholecystectomy and in 44 of 68 patients (65%) assigned to percutaneous drainage (risk ratio 0.19, 95% confidence interval 0.10 to 0.37; P<0.001). In the drainage group 45 patients (66%) required a reintervention compared with eight patients (12%) in the cholecystectomy group (P<0.001). Recurrent biliary disease occurred more often in the percutaneous drainage group (53% v 5%, P<0.001), and the median length of hospital stay was longer (9 days v 5 days, P<0.001).
Introduction
Acute cholecystitis is a common indication for hospital admission and an increasing burden on the Western healthcare system. In the United States, the number of hospital admissions for acute cholecystitis increased by 44% during 1997-2012, from 149 661 to 215 995. 1 In young, otherwise healthy patients early laparoscopic cholecystectomy is considered the treatment of choice for acute calculous cholecystitis. 2 In high risk patients the management of acute cholecystitis remains controversial. Cholecystectomy in these patients can lead to serious morbidity and mortality owing to reduced physiological reserve. [3] [4] [5] [6] Therefore, imaging guided percutaneous catheter drainage is increasingly being performed as an alternative to early cholecystectomy. This minimally invasive radiological procedure resolves local and systemic inflammation without the risks of surgery. According to international guidelines, it is a valuable treatment in high risk patients and in those with moderate or severe cholecystitis. 7 A drawback of percutaneous catheter drainage, however, is that it is not a definitive treatment since the gallbladder is not removed. This may lead to recurrent cholecystitis, and other biliary complications with severe clinical effects. 8 9 No randomised studies have compared laparoscopic cholecystectomy with percutaneous catheter drainage in patients with acute cholecystitis. It therefore remains
WhAT IS AlReAdy knoWn on ThIS TopIC
No randomised studies have compared laparoscopic cholecystectomy with percutaneous catheter drainage in patients with acute calculous cholecystitis It therefore remains unclear which treatment should be preferred in terms of clinical and economical outcomes in high risk patients
WhAT ThIS STudy AddS
This study provides strong evidence that laparoscopic cholecystectomy is superior to percutaneous catheter drainage in the treatment of high risk patients with acute calculous cholecystitis Cholecystectomy not only reduced the rate of major complications (ie, infectious and cardiopulmonary complications, or need for reintervention, or recurrent biliary disease), but also reduced utilisation of healthcare resources and costs by more than 30% We performed a nationwide randomised trial (CHOCOLATE) to assess whether laparoscopic cholecystectomy is superior to percutaneous catheter drainage in high risk patients with acute calculous cholecystitis.
Methods

study design and participants
The CHOCOLATE study was designed as a multicentre, randomised controlled, superiority trial, and the protocol has been previously described. 10 Adults with acute calculous cholecystitis and a high surgical risk were enrolled in 11 teaching hospitals in the Netherlands. Acute cholecystitis was defined according to the Tokyo guidelines. 11 Risk assessment was based on the APACHE II (acute physiology assessment and chronic health evaluation II) severity of disease classification system. 12 High risk was defined as an APACHE II score of 7 or more. We chose this cut-off on the basis of systematic evaluation of several imaginary case scenarios by a multicentre, multidisciplinary expert panel of surgeons, gastroenterologists, and radiologists. Patients with an APACHE II score of 15 or more were excluded because the risk of mortality in these patients was deemed too high-that is, disease severity or comorbidity, or both, presented a strict contraindication to surgery. We also excluded patients with symptoms that lasted longer than seven days at time of first presentation, since these patients should undergo delayed cholecystectomy according to the Dutch treatment guidelines. 13 Other exclusion criteria were pregnancy, decompensated liver cirrhosis, admission to the intensive care unit at the time of cholecystitis diagnosis, and mental illness prohibiting informed consent.
The study was investigator initiated and conducted in accordance with the principles of the Declaration of Helsinki. The protocol was approved by the institutional review board of each participating centre. The safety and efficacy of the trial was monitored by a data safety monitoring board consisting of three independent, non-participating clinicians and an independent epidemiologist. All patients or their legal representatives provided written informed consent.
randomisation and masking
Patients were randomly assigned to either laparoscopic cholecystectomy or percutaneous catheter drainage, both to be performed within 24 hours after randomisation. A central study coordinator carried out randomisation using an online module and permuted block randomisation with varying block sizes with a maximum block size of four patients. Randomisation was stratified according to treatment centre. Owing to the invasive nature of the intervention and the logistics involved in carrying out the procedures, neither the trial participants nor the investigators could be masked to group allocation.
Procedures
Laparoscopic cholecystectomy was performed by the four trocar technique, with transection of the cystic duct and artery after reaching the critical view of safety, as described in national and international guidelines. 13 14 The procedures were performed by surgeons experienced in laparoscopic surgery, defined as performing more than 100 laparoscopic procedures yearly. Patients received a single dose of preoperative antibiotic prophylaxis according to the local hospital protocol.
Percutaneous catheter drainage was performed under local anaesthesia and aseptic circumstances, with image guidance using either ultrasonography or computed tomography. The procedures were performed by, or under direct supervision of, qualified radiologists. A certain experience to undertake this procedure was not required, as percutaneous catheter drainage is reported to be a relatively easy procedure, performed by any radiologist in the Netherlands. Gallbladder puncture was directed through the transhepatic or transperitoneal route, depending on the preference of the radiologist and the location of the gallbladder. For placement of the pigtail catheter into the gallbladder, either the trocar technique (one step technique) or the Seldinger technique (multiple step technique) was used. Emergency cholecystectomy was performed in case of clinical deterioration, persisting fever, or an increase in serum white blood cell count or C reactive protein within 48 hours, despite accurate position and function of the drain. Patients were discharged with the percutaneous drain. The drain was left in place for three weeks. Before removal of the drain, antegrade cholangiography was performed to assess for duodenal backflow and a patent cystic duct. Further treatment was left to the discretion of the treating clinician.
Data collection and outcomes measures
The primary endpoints were death within one year and the occurrence of major complications, defined as infectious and cardiopulmonary complications within one month, the need for reintervention within one year, or recurrent biliary disease within one year. Table 1 provides detailed definitions. Reinterventions were either surgical, radiological, or endoscopic and had to be directly or indirectly related to acute cholecystitis. Routine elective cholecystectomy after percutaneous catheter drainage was not included in the primary endpoint (ie, only cholecystectomies for recurrent gallstone related complications were considered as matching the endpoint "need for reintervention"). Recurrent biliary disease was considered an endpoint only if readmission was required (so we did not include patients with recurrent biliary disease presenting to the general practitioner or emergency department without subsequent admission to hospital).
The secondary endpoints included the individual components of the primary outcome, minor complications, difficulty of cholecystectomy (as scored by a visual analogue scale from 1 to 10), utilisation of healthcare resources, and total costs. The supplementary appendix provides details on cost calculation.
Follow-up took place at the outpatient clinic three weeks after discharge and subsequently by a phone call once every month for one year. Local clinicians performed data collection using case record forms. The study coordinator verified all completed forms in accordance with onsite source data. Through consensus, two investigators not involved in patient care resolved discrepancies detected by the study coordinator.
An adjudication committee consisting of four experienced surgeons and one radiologist carried out a blinded assessment of primary and secondary outcomes.
Committee members individually evaluated the data in a standardised format for every patient, including all available data collected during follow-up. Disagreement was resolved in a plenary consensus meeting, with concealment of the treatment assignment.
statistical analysis
The sample size calculation was based on an expected reduction in the primary endpoints from 28% in the percutaneous drainage group to 15% in the cholecystectomy group. 10 This was based on the results of a Dutch retrospective cohort study and a systematic review analysing the safety and effectiveness of percutaneous drainage in elderly and critically ill patients. 6 15 To show this effect with 80% power, a two sided α level of 5%, and a loss to follow-up of 1%, we needed at least 284 patients in total.
Primary analyses were performed in accordance with a pre-established analysis plan and according to the intention to treat principle. Differences between groups were expressed as risk ratios with corresponding 95% confidence interval. For continuous variables, we calculated differences with the student's t test for normally distributed data and the Mann-Whitney U test for non-normally distributed data. We considered a two tailed P value <0.05 to be significant. All P values are two sided and not corrected for multiple testing.
In the original study protocol, 11 an interim analysis for efficacy was specified after the first year of inclusion because it was anticipated that half the number of required patients would have been randomised at that time. The accrual rate was, however, slower than expected. Therefore, we conducted the interim analysis at a later stage, when half the sample size had been reached. We compared the occurrence of the primary endpoints between the treatment groups. The Peto approach was followed, meaning that the study would only be stopped for beneficial effects in case of a P value <0.001. The independent data safety monitoring board evaluated the results of the interim analysis.
Patient and public involvement
No patients were involved in setting the research question or developing plans for design of the study, nor were they asked to advise on interpretation or writing up of results. Results of the trial will be made available to all participants by email.
Results
In December 2015, a formal interim analysis for the primary endpoints was performed. Data on 138 patients were reviewed, 118 of whom had completed follow-up. The P value of the difference between both groups was below the prespecified threshold of 0.001. Motivated by considerations of the beneficial effect of laparoscopic cholecystectomy and concerns about negative outcomes in the percutaneous drainage group, on 26 February 2016 the data safety monitoring board recommended termination of the trial. We followed up all patients who had undergone randomisation before this date until study completion.
Between 23 February 2011 and 30 January 2016 we assessed a total of 790 patients with acute calculous cholecystitis for eligibility, 142 of whom underwent 1) . Baseline characteristics of the treatment groups were similar, with the exception of mean age (cholecystectomy 71.4 (SD 10.6) v 74.9 (SD 8.6)) and the number of patients with cardiovascular disease (58% v 78%; table 2). Laparoscopic cholecystectomy was performed in 64 out of 66 participants assigned to this group. One patient underwent endoscopic retrograde cholangiopancreatography because of concomitant cholangitis, and one patient was treated conservatively because of hyponatraemia. Both underwent elective cholecystectomy several weeks after discharge. In 11 patients (17%), the laparoscopic procedure had to be converted to an open cholecystectomy. The median difficulty of the operation as scored by the performing surgeon was 8 (interquartile range [6] [7] [8] . (See the results section in the supplementary appendix for details.)
Percutaneous catheter drainage was performed in all 68 patients assigned to this group. The procedure was technically successful in 65 patients (96%). In three patients the radiologist failed to place the percutaneous tube into the gallbladder lumen; two of these patients were treated conservatively until resolution of symptoms and one required emergency cholecystectomy owing to gallbladder perforation with extravasation of contrast fluid resulting in severe abdominal pain. Clinical improvement within 48 hours occurred in 63 of the 68 patients (93%). In one patient an emergency cholecystectomy was performed as a result of clinical deterioration.
The rate of death did not significantly differ between the two groups; two patients (3%) in the cholecystectomy group and six (9%) in the drainage group died (P=0.27). Deaths in the cholecystectomy group occurred during follow-up and were related to oesophageal and colorectal cancer. In the drainage group two patients died during index admission as a result of ongoing sepsis due to the acute cholecystitis, one patient died during readmission from sepsis due to recurrent cholecystitis, and one patient died at home by an unknown cause, one week after removal of the percutaneous drain. The remaining two patients died during follow-up from mesothelioma and intestinal ischaemia.
Major complications occurred in eight of the 66 patients (12%) assigned to cholecystectomy and in 44 of the 68 patients (65%) assigned to drainage (risk ratio 0.19, 95% confidence interval 0.10 to 0.37; P<0.001) (table 3) . These results did not change after post hoc adjustment for baseline differences in age and cardiovascular disease using multivariable logistic regression (adjusted odds ratio with cholecystectomy 0.08, 95% confidence interval 0.03 to 0.19; P<0.001). A formal test of interaction in a logistic regression model was used to assess whether treatment effects for the primary endpoints differed between subgroups based on treatment centre, and showed no significant difference (P>0.05).
The difference in rate of infectious and cardiopulmonary complications as well as minor complications between the two groups was not statistically significant (table 3) . Reinterventions related to cholecystitis, however, were performed less often after cholecystectomy than after drainage (12% v 66%, P<0.001) (table 3) . Recurrent biliary disease also occurred less often in patients assigned to cholecystectomy (5% v 53%, P<0.001) (table 3) . Emergency cholecystectomy was performed in 11 of the 68 patients (16%) assigned to percutaneous catheter drainage-in two patients (3%) because of clinical deterioration and in nine (13%) because of recurrent cholecystitis (table 3) . Elective cholecystectomy was performed in 20 of the 68 patients (29%) in the drainage group; in 15 patients (22%) because of recurrent gallstone related complications and in five (8%) because of either a dysfunctional drain or absence of duodenal backflow revealed by cholangiography. The indication for cholecystectomy in the latter five patients was, in the opinion of the adjudication committee, debatable, and therefore not considered as reaching the primary endpoint. Biliary injury occurred in four patients (6%) in the cholecystectomy group and in two (3%) in the drainage group, all of whom required endoscopic retrograde cholangiopancreatography. The total length of hospital stay (including readmissions) was five days (interquartile range 4-8 days) in the cholecystectomy group and nine (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) Fig 1 | enrolment, randomisation, and follow-up of study participants. aPacHe=acute physiology and chronic health evaluation. *Patients who were eligible for inclusion but did not participate in the trial. the baseline characteristics of these patients were similar to those of the included patients, with the exception of the aPacHe ii score, which was higher in the included group (9.4 v 9.0) (see table 2 in supplementary  appendix) percutaneous drainage group (P<0.001) (table 3) . The total number of visits to the emergency department was seven and 56, respectively (P<0.001). The total number of readmissions was nine in the cholecystectomy group and 67 in the drainage group (P<0.001), and the total number of reinterventions was 21 and 64, respectively (P<0.001).
The mean direct medical costs per patient during a follow-up of one year after randomisation were £4993 ($6125; €5568) for cholecystectomy and £7427 for drainage, with a mean absolute difference of £2434 per patient. Details of costs are given in table 1 in the supplementary appendix.
discussion
This study showed that laparoscopic cholecystectomy is superior to percutaneous catheter drainage in the treatment of high risk patients with acute calculous cholecystitis. Cholecystectomy not only reduced the rate of major complications but also reduced utilisation of healthcare resources and costs by more than 30%.
Previous studies found a high short term success rate from percutaneous catheter drainage for acute cholecystitis in high risk patients. 6 16-21 Our study supports these findings, with prompt clinical improvement in more than 90% of patients undergoing percutaneous drainage. A systematic review of 53 mostly retrospective studies, published in 2009, 6 analysing the safety and efficacy of percutaneous catheter drainage in elderly and critically ill patients with acute cholecystitis, found few complications (6%) and low procedure related mortality (0.4%), which corresponds with our finding. The reported 30 day mortality was high (13%), which could be attributed to confounding by indication, as most patients treated with drainage included in the retrospective studies are generally in poor clinical condition. In our study, the rate of death in the drainage group was also high (9%), but was not significantly different from that in the cholecystectomy group. The high rate of recurrent gallstone related disease in our study is reason for concern. More than half of the patients in the drainage group developed recurrent symptoms requiring (emergency) readmissions or reinterventions, or both; a much higher rate than reported in previous studies. 17 18 22 23 This may be explained by the randomised design of our study and the fact that we only included high risk patients.
The rate of recurrent gallstone related symptoms after drainage could have been lower if all patients would have undergone elective cholecystectomy. Routine elective cholecystectomy was not part of the study design because one of the advantages of percutaneous catheter drainage is the avoidance of complications related to surgery. For that reason, several authors suggest that high risk patients should not undergo elective cholecystectomy after percutaneous catheter drainage. 20 24-26 Our findings, however, support routine cholecystectomy in all patients who have undergone percutaneous catheter drainage, as promoted by others. [27] [28] [29] Alternatively, only patients who are especially at risk for recurrent gallstone related disease could undergo cholecystectomy. No studies, however, immediate cholecystectomy in these patients is safe. Major complications occurred in 8% of patients, which seems acceptable in this category of severely ill patients. Yet it should be emphasised that the results of this trial only apply to patients with an APACHE II score of 7 or more and 14 or less, and so do not apply to patients with a score of 15 or more. During the study period, however, we only excluded 10 patients on the basis of this criterion. This implies that virtually all patients with acute calculous cholecystitis can safely undergo early laparoscopic cholecystectomy. As opposed to percutaneous catheter drainage, cholecystectomy is a definitive treatment for gallstone related disease, which does not require readmissions and other interventions that impact patient's quality of life and are a burden on hospital capacity for emergency and elective care. It may be clear that, in patients with a strict contraindication for surgery, percutaneous drainage is still an appropriate treatment, either as a bridge to surgery or as definite treatment.
Conclusion
Among high risk patients with acute cholecystitis, laparoscopic cholecystectomy compared with percutaneous drainage is the preferred treatment strategy from both a clinical and economical point of view.
